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Solvent Extraction Process 

The present invention relates to an improved extraction process for an alkaloid 
. . glycoside extract from the species So/anum. •■ • 

A standard mixture of solasonine glycosides, isolated from the fruits of Solarium 
sodomaem, is known as BEC. BEC is a crude mixture of glycoalkaloids 
comprising the triglycerides solasonine (approx. 33%). solamargine (33%) and an 
undefined fraction which has been referred to as "di and monogy/posides". 

The process for making BEC involves homogenizing the fruits of Solanum 
sodomaem in a large volume of acetic add, filtering off the liquor through muslin, 
precipitating the glycosides with ammonia and repeating the steps several times 
(WO 00/6 11 53; Planta Medica 1987, 1: 59-62). The yield of the solasodine 
glycoside mixture is very low (approx. 0.8%). 

BEC is incorporated in very small amounts into a topical cream (Curaderm®) 
which is Used to treat skin lesions such as sunspots and keratosis. 

BEC has also been reported to exhibit preferential cytotoxicity for various human 
cancer cells (WO 91/10743). 

While BEC is of sufficient quality to be used in small quantities in over the counter 
(OTC) topical c 

pharmaceutical use. Thus, the individual process steps of the standard process 
for the preparation of BEC are not defined to GMP (Good Manufacturing Process) 
in terms of scale up, definition of yield, composition and product quality. 
Moreover, other than the presence of the triglycerides solasonine and 
solamargine the BEC mixture has never been analyzed regarding the precise 
nature of the active ingredients, the assumption being that all glycoside 
components are active in combination. 

The present invention is directed towards a novel solanum glycoside extract 
comprising the active glycoside components in high purity meeting the 
requirements of GMP. 
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The present invention thus provides a novel extraction process for the preparation 

of a splanum glycoside e)dract consisting essen^ 

glycosides. 

Also provided ^ 
glycoside e^ 
column (length 

4.6mm; pore size 100A), Advanced Ghromatography Technologies (ACT) 
(obtainable from HiChrom, Theale). 

The mobile phase used at a flow rate of 0.7mt/min was 75% 20m M (pH 2.95) 
phosphate buffer, 25% acetonitrile using a Spectra-Physics SP 8800 Ternary 
HPLG Pump. Detection was carried out at 205nm wtth a Spectra^Physics, Spiectra 
1 000 Variable Wavelength Detector. 

Based on extensive 

the triglycosides solasonine and solamargine a diglycoside component is present 
in an amount of approximately 30%. It was surprisingly fou hd that the diglyperide 
component dcne^ 
: experimental c^nc^r cell 

In accordance with the present invention a solasodine glycoside extract is 
provided consisting essentially of the tri^ solamargirie. 

Preferably the e^ract Is of close to 1^ or bnjy trace 

amounts of the? inactive diglycoside component.; 

Preferably, solasonine is present In the final extract In an amount between 30- 
50% whereas solamargine is present in an amount of 40-60%. 




The solanum plant tissue is dried and comminuted to a powder. The powder is 
subjected to an alcohol extraction. Following the removal of the alcohol the dried 
extract is dissolved in acid and centrifuged. The supernatant Is precipitated under 
alkaline conditions. The acid/alkaline precipitation steps may be repeated several 
times. 
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The precipitate is then thoroughly washed with water and dried and further 
purified by silica gel chromatography. 

aso,a M;fe 

sodomaem. It has been found that the highest yields of the two components of the 
extract solamargine and solasonine may be obtained from the lyophilized fruit of 
Solarium sodomaem. 

While the extraction process may be carried out using any pharmaceutical^ 
acceptable volatile alcohol including methanol, ethanol. propanol and isopropanol, 
the extraclidn Is^rhost P^ferably carried out • 

For the precipitation step the dried extract may be treated with any volatile and 
obtained using acetic acid and concentrated ammonia. 

For the chromatographic purification using silica gel chromatography, the freeze 

with acetone. The elution is preferably carried out using a gradient of methanol 
and acetone. 

In the subsequent example the extraction process of the invention is exemplified 
in detail below. . " 



Example 1 



1.1 Preparation of fruit 

^ he • ° f Solanum Sodomaem were cut in half and dried by 
iyophilization. the dried fruits were then comminuted to a powder. The 
final dried, ground powder from a yield of 5 kg of fruits was 898 g. 
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Solvent extraction of glycoalkaloids 

The powdered fruit (approx. 230g each) was divided between 3 Soxhlef 
thimbles (Whatman cellulose, 60 x 180mm), and four extractions 
conducted for each with 1 litre methanol (Labscan, HPLC grade). The 
first extraction (1 litre methanol) was conducted for 7.5 hours before the 
methanol was removed by evaporation and the resulting extracts 
analysed by HPLC. The 3 subsequ were with 750ml 

methanol to find the point at which all glycoalkaloids were completely 
extracted. The four extractions were labelled A, Al, A2 and A3, 
respectively. The concentrations of glycoalkaloid in the the four 
separate extractions are shown in Table 1. 



Table 1 . Concentration of glycoalkaloids in the Extract 





Solasonine, mg/ml 
by HPLC 


Solamargine, mg/ml 
by HPLC 


A 


r'-7^; 


9.4 




2.2 . . 


2.6 




0.16 


0.16 


A3 


0.06 


0.07 



1.3.1. Production scale purification of Extract A 

The dry and partially evaporated extracts A, At and A2 (A3 abandoned 
due to lack of useful product) were pooled and evaporated to yield a 
pooled dry extract (62.23g). The extracts were dissolved in acetic acid 
(2 litres, 3%(v/V)) and the slightly turbid solution clarified by 
centrifugation (6,000rpm, 20mins). The supernatant was collected and a 
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small amount of green precipitate discarded, the sample was then 
filtered to remove a few small remaining lumps of green precipitate. 
1.3.1.1 1 st Precipitation with ammonia 

The filtra te was adjusted to pH 9 by addition of concentrated ammonia 

(6,000rpm, 20mins). This gave a gel-like precipitate, which was easily 
re ^ fe solved in approx. 1 litre 3%(v/v) acetic acid, such that the final 
yplume Wsampie was 1 .25 litres, 

13.1.2 ^ Rrecipitatipn with ammonia % 

The pH of the sample was adjusted to 9 by addition of concentrated 
ammonia and the precipitate was allowed to settle for a few minutes 
before centrifugation (6,000rpm, 20mins). 

. -1.3. t& iw^^Mw^p^ti.. . 

The precipitate was re-dispersed and thoroughly mixed with de-ionised 
water (6 x 250ml), and collected by centrifugation. This procedure was 
repeated once and the pellets were drained. 



1.3.1.4 Freeze-drying of product A 

The pellets were dissolved in ammonium acetate, pH 4.5 (3%(v/v) acetic 
acid adjusted to pH 4.5 with concentrated ammonia to give a solution of 
ammonium acetate at pH 4.5). The final volume of solution at this stage 
was 360ml. The sample was polish filtered through a glass fibre filter 
(Whatman GF/B) prior to weighing into plastic containers (16cm x 16cm 
x 6cm). The sample was then frozen and subsequently freeze-dried 

The yield (by weight) of the extract was approx. 1.14% of the original 
weight of the whole fruit, or 6.45 % of the dried powdered fru'rt. 
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The composition of the freeze dried extract was determined by HPLC. It 
was found to contain approx. 33% solasonine, 40.1% solamargine but 
no 



i-4 Thef 



A column was packed with dry Silica Gel (406.6gi column dimensions: 
7.5cm x 18cm). Freeze-dried Extract A (13.59g) was yveighed out and 
dissolved in methanol (250ml). Silica gel (106g) was added, and the 
slurry was dried to a fine powder by evaporation. The slurry was then 
applied to the top of the silica column and a layer of silver sand was 
added (1cm approx.). The column was washed with acetone (1 litre) 
before elution of the glycoalkaloids. The column was eluted at a flow 
rate of 1 litre/hr with a 4-step gradient of methanolracetone as follows: 



Step 1 : methanol <30%(v/v)):acetdrie (70%(v/v)) f 2 litres 
Step 2: methanol (40%(v/v)):acetbne (60%(v/v)) t 2 litres 
Step 3: methanol (60%(y/v)):acetone (40%(v/v)), 1 litre 
§tep 4: methanol 1,5 litres 



1.4.1 Pooling of fractions 

Fractions (51 x 25ml) were collected when step 1 of the gradient was 
applied, in order to monitor where the solamargine and solasonine 
started to elute. After this, larger 500ml fractions were collected 
throughout until after step 4. The progress of the purification was 
monitored be TLC. Fractions containing the desired endproducts 
(solamargine, solamargine plus solasonine, as well as the solasonine) 
were pooled. The fractions were dried by rotary evaporation and 
processed immediately as described below. 
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.1.4.2 Ammonia precipitation 

The dried pooled fractions were dissolved in acetic acid (900ml, 3%(v/v)) 
:::: of concentrated ammonia, the 

r ^ M ' ting prec ' pltate was collected by centrifugation (6.000rpm/20 mins). 

1 - 4 - 3 Washing of precipitates and freeze-Hrying 

The resulting precipitate was washed three times with water, collected 
by centrifugation, and frozen at -20°C,prior to re-dissolution in acetic 
acid (1.6 litres, 0.1%(v/v)). The sample was then divided equally into 8 
containers and freeze-dried. 



1 - 4 - 4 Yields and purities of final purified nmrinnts 

^® freeze-dried products were weighed and stored desiccated under 
vmmtn ^ * 4 °^- J he samples Were then analysed for purity (against a 
BEC standard) by HPLC. The results are presented in Table 2. 

Table 2 Yields and Purities of Final product 







HPLC Analysis 




Sample 


Yield 


*% 
recovery 


% ■ 
Solasonine 


% 

Solamargine 


% 

Total by 
HPLC 


•AT ' 


8.49 


88.0 


40.5 


55.3 


97.5 



1.5 



Chemical and microbiological analysis of original BEC plant extract 



Samples of the prior art BEC product as well as a product in accordance 
with the present invention were analysed for moisture content and for 
microbial, pesticide and heavy metal content. 
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1.5.1 Microbial analysis 

A sample of the prior art BEG product, together with the final purified 
c ; :P analysis, mpistiire, 



Results for these analyses are summarised in Table 3. 



Table 3 Summary of analytical results for BEC plant material 
and Purified product A 



Jl^:.::!est: 


BEC product 




Bacterial count 


>1 500per 50mg 


<1 per 
lOmg 


Fungal Count 


>1500 perSOmg 


<1 per 

:; : ::El;fe<3:: : J 


Residue on 
ignition, % 


6.7 


:l.V::::::6:4,V: 


Water, % m/m 


1.99 




Methanol, pg/g 


350 


<50 


Heavy metals, 
ppm as Pb 


10 


<10 


Heaw Metals: 
Cd, mg/kg 
Pb, mg/kg 
Hg, mg/kg 
As, mg/kg 


<0.02 
<0.10 
0.01 
0.03 
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2. . ...Conclusions..''.. 

Solvent extraction using meth^ very successful in 

tne faction of the selective triglycosides solasonine and solamargine 
with little or no contamination with the diglycoside. 

!n order to obtain the; final high purity product toe S 

to a silica gel chromatography. Preferably, In order to optimize the 



It was shown that the process of the present invention effectively 
removes the third component which is present in BEC In amounts in 



Following evaporation of the solvent from th^ re- 
precipitation with ammonia and washing gives rise to a clean product, 
which can easily be freeze-dried from solution in aqueous ammonium 
acetate, 

process. It is preferable that the final purification step is carried out within 
a 24 hour period in order to optimise the appearance of the final product. 

2.1 Product Purity 

The process developed here gives a sign^cantly improved product 
compared with that obtained by the Cham process (2), in terms of its 
appearance, purity, moisture, and heavy metal content. The final 
freeze-dried product was a granular off-white powder. The purity of the 
product was in the range 92.7 - 99.3% (HPLC analysis), compared with 
a typical purity of 65 - 70% obtained by the previous method. Moisture 
content was also lower (4.0 -5.7% compared with 7% obtained 
previously), and heavy metal contamination was extremely low. 
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" CLAIMS : . ' . 



1- A process for the preparation of a glycoside extract comprising the 
::.*m> following steps: 

a) ground, dried plant tissue of the species Soianum is subjected to 
alcohol extraction using a pharmaceutical^ acceptable volatile 
alcohol; 

b) the extract obtained is dried and dissolved in a weak volatile acid 
and centrifuged; ,<> 

c) the supernatant is precipitated using a vo^ 

d) the predpitate is thbrbughly washed arid dried. 

2. A process according to claim 1, wherein the steps b) and c) are repeated 
. several times; •• 

3. The process according to clairn 1 or 2, wherein the volatile alcohol is 
methanoL 

4. The process according to anyone of claims 1 to 3, wherein the volatile acid 

5- The process according to anyone of claims 1 to 4, wherein the base is 

;:;;;;: : coricentrated^ 

6. The process of anyone of claims 1 to 5, wherein the dried plant tissue; is 
lyophilized fruit of Soianum sodomaem. 

7. A process for the isolation of an extract of the triglycosides solasonine and 
solamargine in substantially pure form comprising subjecting the extract as 
obtained according to anyone of claims 1 to 6 to silica gel chromatography. 

8. The process according to claim 8, wherein the eluent used is a 
methanol/acetone gradient. 

9. A solasodine triglycoside extract comprising the triglycosides solasonine 
and solamargine having a purity of above 90%. 
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11. 



12. 



13. 
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triglycoside 



extract of claim 9, wherein the ratio of 
0:7:0.4-0.8. 



The solasodine triglycosides extract of claim 9 or 10, wherein the ratio of 
solasonine:solamargine is in the rang^ 

The solasodine triglycoside extract of claim 9, wherein the ratio of 
sdlasonine:solamargine is 0.7:0.5. 

The solasodine triglycoside extract of anyone of claims 9 to 12 obtainable 
according^ to : 
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